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Abstract 1 
Floc characteristics such as settling velocity, concentration factor and floc size were studied 2 
for five different flocculation modes for Chlorella: aluminum sulphate, electro-coagulation-3 
flocculation, chitosan, cationic starch and pH induced flocculation. These floc characteristics 4 
were influenced by the flocculation mode, which depends on the coagulation mechanism: 5 
adsorption – charge neutralization, sweeping or bridging. Secondly, the influence of the 6 
presence of AOM was evaluated. The presence of AOM led to an increase between 1.5 and  7 
5-fold in needed flocculant dosage for all flocculation modes. This resulted particularly in a 8 
comparable decrease of the concentration factor. The floc characteristics upon flocculation 9 
using cationic starch were least affected by the presence of AOM, while flocculation using 10 
chitosan was most affected. The impact on floc characteristics is an important parameter next 11 
to flocculation efficiency to consider in the assessment of flocculation-based harvesting of 12 
microalgae. 13 
 14 
Keywords: dewatering, DOM, NOM, microalgae, biomass, settling, floc size, harvesting 15 
 16 
Highlights: 17 
 Floc characteristics are depending on flocculation mode 18 
 In the presence of AOM, the concentration factor decreased up to 4-fold 19 
 Floc characteristics seem to be most optimal for cationic starch flocculation  20 
 21 
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1. Introduction 1 
Microalgae are rich in lipids and proteins and are assumed to achieve a much higher 2 
areal productivity than traditional agricultural crops. Therefore, they have received much 3 
interest as a source of biomass and biofuels (Georgianna and Mayfield, 2012). However, one 4 
of the major challenges for economically feasible production of biomass on commodity scale 5 
is energy efficient harvesting (Molina Grima et al., 2003). Due to their small size (5-50 µm) 6 
and low concentration (0.05-0.5%), harvesting using centrifugation is not efficient from an 7 
energetic point of view. If microalgae could however be concentrated about 30–50 times by 8 
coagulation-flocculation and gravity sedimentation prior to centrifugation, the energy demand 9 
for overall harvesting could be significantly reduced (Jorquera et al., 2010). Flocculation 10 
based preconcentration can be induced by the addition of metal salts such as aluminum 11 
sulphate (alum) or by electrochemical release of metal ions from a sacrificial anode in electro-12 
coagulation-flocculation (Vandamme et al., 2011). Alternatively, cationic biopolymers, such 13 
as chitosan or the cheaper alternative cationic starch can also be used (Vandamme et al., 14 
2010). Flocculation induced by increasing pH, which leads to precipitation of magnesium 15 
hydroxides, was also evaluated as promising in recent studies (Vandamme et al., 2012). 16 
 17 
Flocs that are formed by various coagulation mechanisms can exhibit different floc 18 
characteristics such as floc size, structure and density and this will affect important 19 
parameters such as settling velocity and concentration factor (Li et al., 2006). The settling 20 
velocity is a key parameter in the design of large scale sedimentation units while the 21 
concentration factor is important to evaluate the water content of the particulate phase. The 22 
final water content of the particulate phase in addition to the flocculation efficiency will 23 
determine the overall efficiency of a flocculation mode. Most studies however only focus on 24 
the evaluation of flocculation based on flocculation efficiency. Recently, a few studies 25 
investigated these additional parameters for pH induced and chitosan flocculation (i.e. Smith 26 
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4 
and Davis, 2012). However, those results were not related to coagulation mechanism, floc size 1 
and structure. Therefore, in this study, the influence of coagulation mechanism on the floc 2 
characteristics of Chlorella vulgaris using five different flocculation modes was evaluated.  3 
 4 
Microalgae are known to release significant amounts of organic matter (AOM). In microalgae 5 
cultivation systems, AOM can amount to 60-80 mg C L
-1
 (Hulatt and Thomas, 2010). The 6 
major fraction of this AOM consists of neutral or charged polysaccharides, but other 7 
compounds such as proteins, nucleic acids, lipids and other small molecules can be present as 8 
well (Myklestad, 1995; Henderson et al., 2010). In a recent study, the effect of AOM on 9 
flocculation efficiency of Chlorella vulgaris, induced by five different flocculation modes, 10 
was evaluated (Vandamme et al., 2012). To the best of our knowledge, however, no 11 
publications have focused on the effect of the presence of AOM on the floc characteristics 12 
such as settling velocity, concentration factor and floc size. Therefore, in this study, also the 13 
influence of the presence of AOM on those floc characteristics of Chlorella vulgaris using 14 
five different flocculation modes was evaluated. 15 
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2. Materials and methods 1 
2.1. Cultivation of Chlorella vulgaris 2 
Chlorella vulgaris (211-11b SAG, Germany) was cultivated in dechlorinated tap water 3 
enriched with inorganic nutrients according to the concentration of the Wrights cryptophyte 4 
medium (Vandamme et al., 2012). Bubble column photobioreactors (30 L) were used to 5 
cultivate the microalgae. The system was mixed by sparging with 0.2 μm filtered air  6 
(5 L min
-1
) and pH was controlled at 8.5 through 2-3% CO2 addition using a pH-stat system. 7 
Growth of the microalgae was monitored by measuring the absorbance at 550 nm. Microalgal 8 
dry weight was determined gravimetrically by filtration using Whatman glass fibre filters 9 
(Sigma-Aldrich) and drying until constant weight at 105 °C. Flocculation experiments were 10 
performed in the early stationary phase at a biomass concentration of 0.3 g L
-1
. 11 
 12 
2.2. Flocculation protocol 13 
Five different flocculation modes were assessed: addition of alum (AL), electro-coagulation- 14 
flocculation using aluminum anodes (ECF), addition of chitosan (CH), addition of cationic 15 
starch (CS) and flocculation induced by high pH (pH). In addition, the influence of AOM on 16 
the flocculation process was studied for each flocculation mode. To do so, flocculation of 17 
Chlorella was compared in medium with and without AOM. To remove AOM, Chlorella was 18 
separated from the medium using centrifugation and resuspended in fresh medium. This 19 
approach has already been used successfully in previous studies and it has also been 20 
demonstrated that centrifugation and resuspension of Chlorella, as a treatment as such, has no 21 
influence on the flocculation efficiency (Vandamme et al., 2012).  22 
 23 
In a preliminary study, the flocculation parameters (pH and dosage) resulting in a flocculation 24 
efficiency higher than 85% were determined in jar tests on 100 ml scale. The results of this 25 
preliminary study are reported in Suppl. Table 1. For each flocculation mode, this was based 26 
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6 
on a protocol used in a previous study (Vandamme et al., 2012). These parameters were then 1 
used for the remainder of the study to induce coagulation on 1 L scale for floc 2 
characterization based on sedimentation and particle size analysis.  3 
 4 
For alum (Al2(SO4)3.18H2O; Sigma Aldrich), the pH was adjusted to 5.5 prior to and 5 
immediately after addition of the coagulant. For ECF, the setup described in a previous study 6 
was used (Vandamme et al., 2011). In short, this setup consisted of a 1-L rectangular PVC 7 
reactor with an aluminum anode and an inert titanium oxide cathode and a power supply 8 
controller (EHQ Power PS3010 DC). Current density in the experiments was set at 1.5 mA 9 
cm
-2
. For flocculation using chitosan (from crab shells, practical grade, Sigma Aldrich), the 10 
pH of the suspension was adjusted to 7.5 prior to and immediately after addition. For cationic 11 
starch flocculation, a stock solution of 10 g L
-1
 Greenfloc 120 (Hydra 2002 Research, 12 
Hungary) was prepared. The pH was not adjusted, as it has been shown that flocculation 13 
efficiency was not pH-dependent (Vandamme et al., 2010). For pH-induced flocculation, 0.5 14 
N NaOH was used to increase the pH.  15 
 16 
2.3. Sedimentation analysis 17 
After flocculation, using each of the flocculation modes, sedimentation was followed in order 18 
to calculate the settling velocity. This analysis could not be performed for ECF because 19 
flotation simultaneously occurred with flocculation. For each flocculation treatment, 20 
coagulation was induced in 1 L cylindrical vessels according to the dosage obtained in the 21 
preliminary flocculation experiment. The suspension was stirred for 15 min at 300 rpm using 22 
an overhead stirrer. Then the suspension was transferred to 1 L imhoff cones, allowing 23 
sedimentation for 15 min. Images (Suppl. Fig 1A) were automatically taken at fixed time 24 
intervals using a webcam. Grey values were analysed as function of height using ImageJ 25 
(NIH, USA) allowing to determine the height of the interface between the suspended and 26 
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7 
particular phase at each time step (Suppl. Fig 1A; red line+ Suppl. Fig B). The corresponding 1 
height was then plotted as function of sedimentation time (Suppl. Fig 1C). The settling 2 
velocity is defined as the velocity in cm s
-1
 to achieve complete biomass settling without 3 
further observed increase of settled floc volume.  4 
After 15 min of sedimentation, the suspension was allowed to settle an additional 15 5 
min to determine the concentration factor (CF) and the aggregated volume index (AVI). Both 6 
parameters are related to each other and provide information about the residual water content 7 
of the particulate phase. The CF was determined by dividing the total volume of 1000 ml by 8 
the volume of the particulate phase after 30 min of sedimentation. The AVI was calculated 9 
according to the method of Javaheri and Dick (Javaheri and Dick, 1969). It is defined as the 10 
volume in milliliters occupied by 1 g of algal suspension in the particulate phase after 30 min 11 
of settling and is calculated as: 12 
 13 
 (1) 14 
 15 
2.4. Particle size analysis 16 
After sedimentation, a subsample of the particulate phase was taken and diluted 10 times. The 17 
flocs were then analysed using a stereo zoom microscope (Olympus SZX10) and images were 18 
taken using a camera (Lumenera Infinity 2). Particle size analysis was conducted using 19 
ImageJ (NIH, USA). The original images were transformed to 8 bit, the background was 20 
substracted and particles smaller than 100 px² were thresholded (Suppl. Fig 2). After 21 
transformation of the image, the average Feret’s diameter was calculated based on the 22 
determination of the Feret’s diameter of each floc (Suppl. Table 2).  23 
 24 
3. Results and discussion 25 
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8 
After inducing flocculation , the sedimentation of the Chlorella microalgae flocs was 1 
monitored . Fig 1 presents floc front height as function of time for four different flocculation 2 
modes containing AOM (indicated as AOM+; Fig 1A) and resuspended in fresh medium 3 
without AOM (indicated as AOM-; Fig 1B). This analysis could not be performed for ECF 4 
because flotation occurred simultaneously with flocculation. For all flocculation modes with 5 
and without the presence of AOM, the biomass settled within 15 min of sedimentation. Alum 6 
and chitosan flocculation resulted in a faster sedimentation than pH induced flocculation. In 7 
both treatments, cationic starch flocculation resulted in the slowest sedimentation. The settling 8 
velocities were calculated for each flocculation mode and ranged between 0.06 and 0.6 cm s
-1 9 
with a maximal standard deviation of 12%. They confirmed the first observations made on the 10 
basis of the graphs. When AOM was present, the settling velocity was the highest for chitosan 11 
flocculation (0.4 cm s
-1
), followed by alum flocculation (0.2 cm s
-1
) and the lowest for pH 12 
induced flocculation (0.09 cm s
-1
) and cationic starch flocculation (0.06 cm s
-1
). Without 13 
AOM, settling velocities mostly increased, but the order as function of flocculation mode in 14 
general remained the same. In the fast settling cases of chitosan and alum flocculation, the 15 
settling velocity increased to 0.6 cm s
-1
. For pH induced flocculation, it increased to 0.2 cm s
-16 
1
. For cationic starch however, the settling velocity decreased to 0.04 cm s
-1
. 17 
 18 
Additional information about the residual water content of the particulate phase is 19 
provided by calculating the concentration factor (CF; Fig 2A) and the aggregated volume 20 
index (AVI; Fig 2B). A high concentration factor corresponds to a low AVI. Using cationic 21 
starch, the algal biomass could be concentrated more than 100 times, in the presence of AOM. 22 
After removal of AOM, this even increased to 180 times. This corresponds with an AVI lower 23 
than 25 mg g
-1
.When AOM was present, the other flocculation modes resulted in a clearly 24 
lower CF of between 15 and 35, corresponding to a clearly higher AVI of between 70 and 140 25 
mg g
-1
. In the absence of AOM, the CF increased and the AVI decreased for all flocculation 26 
  
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
9 
modes. The Feret’s diameter of the settled flocs for the five different flocculation modes was 1 
also determined (Fig 2C). It varied between 130 and 2300 µm. When AOM was present, the 2 
flocs were larger, except for flocculation by cationic starch. For chitosan flocculation in the 3 
presence of AOM, flocs with a diameter higher than 2 mm were observed.  4 
 5 
The present results show that the type of flocculation mode affects the microalgal floc 6 
characteristics such as settling velocity, concentration factor and floc size. Flocculation of 7 
microalgae should not only be effective in terms of flocculation efficiency, but also in terms 8 
of settling rate and concentration of the biomass. Those parameters are important in the design 9 
of a harvesting process including a secondary harvesting step using for example 10 
centrifugation. As a consequence of this, the delivery of a fast settled and high concentrated 11 
biomass is desirable before centrifugation in order to improve overall energy efficiency. Three 12 
mechanisms, i.e. charge neutralization, sweeping by precipitation enmeshment and bridging 13 
have been demonstrated in coagulation processes and differences in these mechanisms may 14 
explain the influence of flocculation mode on floc characteristics (Bache and Gregory, 2007).  15 
 16 
For flocculation modes using inorganic metal salts, the coagulation mechanism is 17 
absorption-charge neutralization or sweeping flocculation caused by precipitate enmeshment 18 
or a combination of both (Bache and Gregory, 2007). The usage of for example alum as 19 
coagulant introduces water-binding amorphous precipitates, which are present in large 20 
amounts especially when coagulation occurs by sweeping flocculation. During absorption-21 
charge neutralization those precipitates are present in limited amounts and this has 22 
consequently less impact on the floc size (Knocke et al., 1987; Bache and Gregory, 2007). 23 
Absorption-charge neutralization may thus result in smaller flocs compared to flocculation 24 
based on sweeping. For alum flocculation, operating conditions such as biomass density, 25 
coagulation pH and coagulant dosage determine the coagulation mechanism (Duan and 26 
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10 
Gregory, 2003). In this study, pH was adjusted and controlled at 5 for alum flocculation, 1 
which is known to facilitate coagulation dominated by absorption-charge neutralization 2 
(Knocke et al., 1987; Garzon-Sanabria et al., 2012). In contrast , pH was not controlled during 3 
EC flocculation using aluminum anodes. The initial pH was 8.5 (Suppl. Table 1) and is 4 
known to rise as function of operation time because of the hydroxide ions released at the 5 
cathode (Vandamme et al., 2011). In those conditions, sweeping flocculation is the dominant 6 
flocculation mechanism (Duan and Gregory, 2003). This could explain the overall bigger 7 
flocs for the EC flocculation mode when compared to alum flocculation (Fig 2C).  8 
 9 
For flocculation induced by high pH, similar floc sizes as for alum flocculation were 10 
observed, but the floc compaction was inferior compared to alum flocculation (Fig 2A/B). 11 
Positively charged magnesium hydroxides are involved in initiating coagulation by 12 
adsorption-charge neutralization and partially also by sweeping flocculation, depending on pH 13 
and magnesium concentration (Vandamme et al., 2012). With an increasing pH, large 14 
quantities of amorphous hydroxides are allowed to precipitate. These are known to have a 15 
high affinity for water arising from mechanical trapping and hydrogen bonding and thus affect 16 
the water content of the particulate phase (Bache and Gregory, 2007).  17 
 18 
Cationic biopolymers have been used in coagulation/flocculation processes as 19 
flocculation aid for water purification and are known to lower flocculation dosage 20 
requirements, increase settlement and decrease sludge volume (Bolto and Gregory, 2007). 21 
Generally, flocculation using biopolymers is induced by a bridging mechanism. This type of 22 
flocculation occurs when a polymer serves as a bridge after formation of a lot of particle-23 
polymer-particle aggregates (Li et al., 2006). In general, the usage of polymers results in a 24 
higher effective density and thereby improved settling and a higher floc compaction (Bache 25 
and Gregory, 2007). In this study, chitosan and cationic starch flocculation indeed resulted in 26 
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11 
a higher compaction of the settled biomass, in absence of AOM (Fig 2 A/B). Furthermore 1 
chitosan flocculation indeed had the highest settling velocity, although  cationic starch 2 
flocculation resulted in the lowest settling velocity (Fig 1). It must be noted that in this study 3 
both biopolymers were used as primary coagulant, while settling improvement is mostly 4 
achieved when biopolymers acts as flocculant aid in combination with a primary coagulant 5 
such as alum (Bache and Gregory, 2007).  6 
 7 
From previous studies (Bernhardt et al., 1989; Vandamme et al., 2012; Zhang et al., 8 
2012), it is known that the flocculant dosage needed to achieve efficient flocculation is 9 
increased by the presence of AOM. In this study, similar results were obtained (Suppl. Table 10 
1). The present results however show that the presence of AOM also affects the microalgal 11 
floc characteristics such as settling velocity, concentration factor and floc size. It was found 12 
that in the presence of AOM the settled biomass has a greater water content, bigger floc size 13 
and that the settling velocity is lower (Fig. 1 and 2). Moreover, the importance of the 14 
influence of AOM on the floc characteristics clearly depended on the floc mode and therefore 15 
on the used flocculant. Besides interacting with flocculant, AOM will also interact with the 16 
formed flocs. In both cases, the composition of AOM will play an important role to 17 
understand those interactions. Henderson et al. 2010 characterized in detail the AOM 18 
produced by Chlorella vulgaris. In the stationary growth phase, the AOM had a 19 
protein:carbohydrate ratio of 0.4 and a hydrophilicity of 71%. These hydrophilic attributes 20 
can explain the increase in water content of the settled biomass when AOM was present (Fig 21 
2A). Further research is however needed into dynamics of AOM production and composition 22 
and the distribution of AOM after sedimentation in order to fully understand the interactions 23 
between flocculant, AOM and microalgal flocs.  24 
 25 
4. Conclusions 26 
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12 
Floc characteristics such as settling velocity, concentration factor, aggregated volume index 1 
and floc size were studied for five different flocculation modes for Chlorella vulgaris. This 2 
study showed that coagulant dose and type determine coagulation mechanism and by this 3 
affect the floc characteristics of the settled microalgal biomass. The presence of AOM 4 
resulted in a lower concentration of the settled biomass. Our study thus showed that in 5 
addition to flocculation efficiency, the impact on the characteristics of the formed flocs needs 6 
to be assessed as well in the overall assessment of flocculation based harvesting methods for 7 
microalgae. 8 
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Figures 1 
 2 
Fig 1: Sedimentation analysis for four flocculation modes: alum flocculation (AL), 3 
chitosan flocculation (CH), cationic starch flocculation (CS) and pH induced flocculation 4 
(pH) for Chlorella vulgaris (A) with (AOM+) and (B) without the presence of AOM 5 
(AOM-) 6 
 7 
Fig 2: Concentration factor (A), AVI (B) and Feret’s diameter (C) for five flocculation 8 
modes: alum flocculation (AL), electro-coagulation-flocculation (ECF), chitosan 9 
flocculation (CH), cationic starch flocculation (CS) and pH induced flocculation (pH) for 10 
Chlorella vulgaris with (AOM+) and without the presence of AOM (AOM-) 11 
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Supplementary Data 1 
Suppl. Fig 1 2 
Example of sedimentation analysis: grey values were analysed in function of distance 3 
(Fig 1A; red line). The interface of suspended and particulate phase could be detected by 4 
an increase in grey value (Fig 1B). The corresponding height was plotted as function of 5 
time (Fig 1C). 6 
 7 
Suppl. Fig 2.  8 
Original and transformed images used for particle size analysis for alum flocculation 9 
(AL), electro-coagulation-flocculation (ECF), chitosan flocculation (CH), cationic starch 10 
flocculation (CS) and pH induced flocculation (pH) for Chlorella vulgaris with and 11 
without the presence of AOM.  12 
 13 
Suppl. Table 1 14 
Flocculation parameters (pH and dosage) of alum flocculation (AL), electro-coagulation-15 
flocculation (ECF), chitosan flocculation (CH), cationic starch flocculation (CS) and pH 16 
induced flocculation (pH) for Chlorella vulgaris with and without the presence of AOM 17 
Suppl. Table 2 18 
Particle size analysis expressed as Feret’s diameter (µm) analysis for alum flocculation 19 
(AL), electro-coagulation-flocculation (ECF), chitosan flocculation (CH), cationic starch 20 
flocculation (CS) and pH induced flocculation (pH) for Chlorella vulgaris with and 21 
without the presence of AOM. 22 
 23 
  
Figure 1
  
Figure 2
  
Highlights: 
 Floc characteristics are depending on flocculation mode 
 AOM influences the floc characteristics, especially the concentration factor 
 Floc characteristics seem to be most optimal for cationic starch flocculation  
 


Supp. Table 1 
 
Flocculation treatment AOM+ AOM- 
 
pH 
Dosage  
(mg L
-1
) 
pH 
Dosage  
(mg L
-1
) 
AL 5.5 100 5.5 20 
ECF 8.5 1.2* 8.5 0.4* 
CH 7.5 80 7.5 15 
CS 8.5 150 8.5 100 
pH  12 87** 11.5 50** 
*Dosage for ECF expressed as power consumption (kWh kg
-1
 microalgae) 
**Dosage for pH expressed as concentration added NaOH  
Suppl. Table 2 
 
  AOM+ AOM- 
count AL  ECF CH  CS  pH  AL  ECF CH  CS  pH  
1 107.817 346.57 1600 120.18 180.457 148.116 230.846 213.632 105.497 111.057 
2 132.099 2744.769 2600 118.153 119.621 99.494 216.379 262.209 177.979 139.176 
3 363.803 159.616 
 
200.137 229.447 81.783 123.594 85.453 114.846 70.353 
4 310.924 128.179 
 
80.436 116.436 86.706 355.442 99.53 81.783 112.967 
5 83.547 508.987 
 
142.275 533.075 103.964 558.841 74.186 111.417 157.653 
6 661.043 658.113 
 
76.502 375.996 130.546 319.61 747.731 129.311 160.429 
7 102.192 982.012 
 
116.897 93.408 104.734 241.92 194.214 132.479 132.479 
8 740.788 621.006 
 
142.275 162.285 150.623 162.698 127.97 162.335 83.403 
9 648.745 1370.082 
 
195.042 463.579 431.828 778.927 215.696 129.621 173.796 
10 433.812 1394.158 
 
88.083 327.082 106.632 593.711 110.157 193.119 125.104 
11 180.754 447.22 
 
70.474 244.568 182.873 123.159 381.102 163.566 179.923 
12 127.444 232.873 
 
215.509 321.911 290.071 150.616 215.696 87.931 134.88 
13 360.541 2044.434 
 
78.92 151.061 226.88 99.53 94.551 143.436 94.388 
14 707.249 96.379 
 
216.503 152.388 113.44 218.663 129.534 86.086 72.044 
15 660.495 279.457 
 
136.89 318.474 98.14 170.434 275.928 118.176 159.341 
16 93.408 81.924 
 
74.186 137.672 118.176 81.924 104.914 80.298 170.768 
17 140.948 785.671 
 
74.726 223.039 80.298 215.509 154.053 114.846 148.926 
18 140.948 96.796 
 
127.97 84.346 383.527 194.697 140.757 115.659 102.016 
19 309.236 228.919 
 
207.059 247.677 147.119 517.227 138.256 187.425 235.558 
20 378.558 91.814 
 
143.309 92.251 258.621 332.657 110.157 149.285 104.734 
21 98.989 224.179 
 
125.213 280.416 99.896 79.259 132.707 70.353 88.99 
22 269.43 80.935 
 
139.03 346.686 185.704 191.78 167.093 108.744 74.058 
23 100.604 100.604 
 
97.349 161.372 159.76 406.991 248.11 169.115 93.247 
24 406.397 
  
95.258 333.302 152.827 526.691 92.251 147.21 288.267 
25 447.52 
  
231.079 731.36 94.953 148.19 213.632 122.074 118.063 
26 284.03 
  
116.897 107.817 157.653 113.162 100.068 73.514 153.787 
27 129.534 
  
122.284 111.85 111.657 358.45 79.09 85.306 119.415 
28 311.053 
  
134.715 731.36 122.947 248.813 435.85 84.201 93.247 
29 431.174 
  
181.938 158.603 325.698 250.104 74.726 74.598 106.632 
30 162.285 
  
100.604 359.124 147.119 91.814 125.32 90.332 101.885 
31 107.817 
  
183.188 506.316 311.893 190.516 205.302 104.734 410.711 
32 98.989 
  
88.69 230.846 132.983 212.688 204.45 86.706 179.551 
33 442.634 
  
233.678 88.083 97.181 275.831 142.275 103.06 160.595 
34 579.431 
  
102.192 664.85 86.706 175.326 103.627 92.092 99.896 
35 598.036 
  
85.453 531.865 154.308 
 
83.547 198.246 100.43 
36 440.415 
  
187.748 124.783 77.586 
 
80.935 103.448 84.201 
37 85.767 
  
113.754 207.513 91.656 
 
109.791 88.386 90.332 
38 391.217 
  
115.045 240.361 258.621 
 
308.192 99.896 80.796 
39 102.847 
  
88.235 88.235 268.817 
 
104.914 93.247 155.173 
40 108.19 
  
74.726 147.464 90.332 
 
369.659 95.375 192.217 
41 
   
118.153 264.198 1157.722 
 
165.235 178.58 88.083 
42 
   
81.924 540.899 292.047 
 
122.284 74.058 340.006 
43 
   
92.687 163.849 308.703 
 
100.604 102.67 181.035 
44 
   
117.469 142.275 104.734 
 
152.388 111.057 102.016 
45 
   
75.442 271.91 123.382 
 
111.248 86.706 84.834 
46 
   
114.694 287.413 245.35 
 
69.128 80.961 132.479 
47 
   
165.317 310.924 84.201 
 
119.621 162.335 146.39 
48 
   
73.641 524.725 80.961 
 
346.376 186.853 99.359 
49 
   
127.022 72.168 152.126 
 
96.379 375.633 86.086 
50 
   
160.872 206.345 127.959 
 
97.761 72.598 84.834 
51 
   
90.488 341.576 263.743 
 
249.19 95.375 90.332 
52 
   
95.539 161.953 169.115 
 
99.665 71.858 98.14 
53 
   
127.97 372.265 173.411 
 
368.495 152.126 78.954 
54 
   
102.192 274.367 121.194 
 
104.914 114.263 97.181 
55 
   
133.212 110.765 80.961 
 
168.135 481.147 102.016 
56 
   
129.948 93.408 414.472 
 
275.392 93.677 223.853 
57 
   
171.063 136.791 87.931 
 
80.935 126.275 110.574 
58 
   
350.383 214.948 139.272 
 
74.726 125.85 99.494 
59 
   
86.235 142.558 117.267 
 
97.349 198.246 117.267 
60 
   
287.786 175.326 162.335 
 
100.604 138.017 136.556 
61 
   
129.948 215.634 96.213 
 
88.539 128.063 101.622 
62 
   
129.948 201.207 79.123 
 
125.32 99.494 204.032 
63 
   
79.09 213.632 176.546 
 
80.935 130.853 73.514 
64 
   
137.183 168.692 178.355 
 
287.786 122.947 121.194 
65 
   
76.502 576.156 121.083 
 
84.346 81.783 90.48 
66 
   
127.444 418.536 161.674 
 
65.539 163.566 76.894 
67 
   
132.403 272.698 156.375 
 
143.309 116.236 93.247 
68 
   
165.884 305.875 124.353 
 
95.539 109.112 255.499 
69 
   
81.101 178.963 111.657 
  
386.238 85.306 
70 
   
78.408 137.183 108.744 
  
72.044 229.693 
71 
   
124.783 104.914 135.77 
  
95.375 100.43 
72 
   
81.924 116.897 109.967 
  
99.896 366.403 
73 
   
80.436 265.617 218.776 
  
96.213 147.119 
74 
   
186.816 191.079 181.699 
  
79.123 245.731 
75 
   
133.715 822.285 241.392 
  
130.546 84.834 
76 
   
168.692 93.408 340.36 
  
88.386 116.236 
77 
   
91.814 127.97 308.009 
  
135.375 260.322 
78 
   
195.866 437.018 159.341 
  
362.107 139.751 
79 
   
123.159 320.491 120.641 
  
93.247 123.382 
80 
   
151.061 689.878 413.309 
  
83.563 118.063 
81 
   
102.061 504.749 232.471 
  
269.016 94.388 
82 
   
114.694 223.76 122.62 
  
104.734 134.483 
83 
   
83.707 285.162 157.653 
  
83.403 169.431 
84 
   
92.687 172.236 167.526 
  
81.783 98.819 
85 
   
146 529.538 79.123 
  
173.796 119.973 
86 
   
81.924 213.632 125.211 
  
106.632 96.213 
87 
   
111.61 124.568 472.166 
  
94.388 133.485 
88 
   
104.914 180.233 100.43 
  
74.598 124.997 
89 
   
140.948 352.484 301.291 
  
142.03 109.967 
90 
   
264.198 142.558 109.724 
  
110.574 86.706 
91 
   
84.346 103.627 70.353 
  
126.804 106.632 
92 
   
153.091 290.572 110.695 
   
223.853 
93 
   
132.099 385.131 100.43 
   
130.238 
94 
   
121.403 122.832 205.99 
   
90.48 
95 
   
102.192 165.884 196.62 
   
217.549 
96 
   
96.379 225.731 157.568 
   
104.093 
97 
   
162.615 110.765 230.913 
   
185.415 
98 
   
96.796 232.873 338.863 
   
148.206 
99 
   
88.69 132.808 164.382 
   
148.206 
100 
   
111.61   330.064 
   
96.629 
101 
   
84.98   183.676 
   
157.313 
102 
   
121.292   387.932 
   
109.602 
103 
   
117.469   108.744 
   
108.003 
104 
   
70.474   193.258 
   
89.29 
105 
   
74.186   261.911 
   
150.089 
106 
   
176.85   277.822 
   
212.636 
107 
   
123.159   122.62 
   
88.386 
108 
   
158.519   109.967 
   
80.796 
109 
   
69.515   219.447 
   
117.949 
110 
    
  86.086 
   
197.638 
111 
    
  180.146 
    112 
    
  113.558 
    113 
    
  249.673 
    114 
    
  86.086 
    115 
    
  245.731 
    116 
    
  164.951 
    117 
    
  106.129 
    118 
    
  115.659 
    119 
    
  208.507 
    120 
    
  188.776 
    121 
    
  144.92 
    122 
    
  108.003 
    123 
    
  144.273 
    124 
    
  78.784 
    125 
    
  101.622 
    126 
    
  134.88 
    127 
    
  107.631 
    128 
    
  132.479 
    129           80.298         
 
